Wetlands are complex ecosystems that play multiple roles. 'Las Tablas de Daimiel National Park' (TDNP) undoubtedly plays a role in several ecosystem services and provides a connection between nature, farmers, scientists, residents, and other stakeholders. The state of degradation and/or vulnerability of this ecosystem (with a series of socio-economic implications) have led the publication of numerous articles. The work reported here provides a description of the growing importance of this wetland within the rural landscapes of La Mancha and emphasizes its state of degradation, mainly since pedological point of view. In this way, particular attention is required to assure the conservation of the Tablas of Daimiel Wetland; thus, several measures are proposed to improve the conservation of this area as to control and prohibit any dumping of any type of waste in the park or in its vicinity.
Introduction
Wetlands are amongst the ecosystems with the greatest biodiversity and biological activity [1] and they play a key role in the maintenance of different ecosystem values. In this context, wetlands range from extensive coastal lagoons to small ponds of just a few square meters in surface area. These ecosystems are considered to be among the most important carbon sinks and they have a marked influence on climate change [2] . However, the capacity for carbon sequestration by wetlands and their influence on climate change is not well understood by society.
The role of the wetlands and its soils as key factors to achieve the sustainable goals of the United Nations and the land degradation neutrality has been shown by Keestra [3] . Worldwide, wetlands are threatened for different reasons: alteration of their hydrogeological characteristics, unsustainable water use, draining of wetlands, discharge of waste or contaminated water, local extinction of fauna, destruction of vegetation, excessive loading of nutrients, pressure due to tourism infrastructure, and vandalism, amongst others [4] [5] [6] . In this sense, agricultural expansion and intensification, both traditional and modern (especially irrigation), industrialization, and the dumping of waste that The filling materials in the bassin in which the TDNP is located are of Cenozoic age and are arranged directly on the socle, which ascends progressively until the sedimentary basin closes, emerging in the western sector of the Manchega Plain. On the surface, the Cenozoic materials that fill the basin give rise to an extensive plain formed from the continental sedimentary series that characterizes the flat morphology of the Manchega Plain. The socle is made up of quartzite and Paleozoic slate, and the neogeneous series is arranged in a jarring manner upon this, with a basically detrital lower section and a carbonated upper section.
It should be noted that a Pliocene carbonated level is present in certain areas and there is significant karstification, especially in the TDNP and its surrounding environment, which marks the main elements of the landscape. There is also a notable presence of sinkholes, which are circular or semi-circular in shape and have diameters that can be more than 100 meters in some cases [27, 34] .
Hydrology Conditions of the TDNP
Hydrologically, the TDNP is in the upper basin of the Guadiana River in the Groudwater Body (GWB) called 'Mancha Occidental I', which has an area of 2002.80 km 2 . The relief is smooth, with an altitude that ranges between 600 and 750 meters above sea level (m.a.s.l.). The main fluvial courses that run through the GWB are Gigüela, Záncara, Azuer, and Guadiana. These rivers are currently scarce in flow and are highly anthropically modified. The basin drains from east to west, with its waters converging in the surroundings of the TDNP (Figure 2 ). The filling materials in the bassin in which the TDNP is located are of Cenozoic age and are arranged directly on the socle, which ascends progressively until the sedimentary basin closes, emerging in the western sector of the Manchega Plain. On the surface, the Cenozoic materials that fill the basin give rise to an extensive plain formed from the continental sedimentary series that characterizes the flat morphology of the Manchega Plain. The socle is made up of quartzite and Paleozoic slate, and the neogeneous series is arranged in a jarring manner upon this, with a basically detrital lower section and a carbonated upper section.
Hydrologically, the TDNP is in the upper basin of the Guadiana River in the Groudwater Body (GWB) called 'Mancha Occidental I', which has an area of 2002.80 km 2 . The relief is smooth, with an altitude that ranges between 600 and 750 meters above sea level (m.a.s.l.). The main fluvial courses that run through the GWB are Gigüela, Záncara, Azuer, and Guadiana. These rivers are currently scarce in flow and are highly anthropically modified. The basin drains from east to west, with its waters converging in the surroundings of the TDNP (Figure 2 ).
The fluvial network, which is conditioned by the confluence of the Gigüela and Guadiana rivers, is the key to this unique natural environment. The reduced slope of the Gigüela river favors the overflow of its waters in a wide shallow floodplain ( Figure 3 ). Groundwater plays an essential role since the Aquifer System 23, currently integrated by the GWB (Mancha Occidental I; Mancha Occidental II and Rus-Valdelobos), discharges its waters through the springs located at the site called 'Los Ojos del Guadiana'. This gives rise to the birth of this river, which reaches the wetland a few kilometers downstream. This distinctive feature in the quality of the confluent waters gives the system a uniqueness and environmental value that make it a special ecosystem in Europe. The fluvial network, which is conditioned by the confluence of the Gigüela and Guadiana rivers, is the key to this unique natural environment. The reduced slope of the Gigüela river favors the overflow of its waters in a wide shallow floodplain ( Figure 3 ). Groundwater plays an essential role since the Aquifer System 23, currently integrated by the GWB (Mancha Occidental I; Mancha Occidental II and Rus-Valdelobos), discharges its waters through the springs located at the site called 'Los Ojos del Guadiana'. This gives rise to the birth of this river, which reaches the wetland a few kilometers downstream. This distinctive feature in the quality of the confluent waters gives the system a uniqueness and environmental value that make it a special ecosystem in Europe. 
Flora and Fauna Associated with the TDNP
The species of the genus Chara are the most abundant of the floating or submerged aquatic vegetation in calcareous oligomesotrophic waters. On considering the emergent vegetation it is worth highlighting the communities of "masiega" [Cladium mariscum (L.) Pohl], which is the largest "masegar" in Western Europe. The halophytic vegetation is mainly represented of the communities It is also worth mentioning the presence of Ranunculus trichophyllus Chaix., Veronica Anagallis-aquatica L., Limonium ssp., Juncus maritimus L., Tamarix gallica L., T. canariensis Willd, and Salsola vermiculatata L., amongst others. Common reed and cattail are the major species within the associated vegetation [14, 15] and, to a lesser extent, C. mariscus and Thypa domingensis. The "tarayal" constitute the existing arboreal community.
The fauna that stand out in the wetland consist of aquatic species: anatidae (red duck, brown duck, bigeye, spoon duck), ardeidae (imperial heron, common martinete) and waders (stork, avocet). Finally, various species of amphibians, reptiles, fish, and mammals (for example, the otter) are present.
Material and Methods
The research was conducted in the floodplain of TDNP. The materials used include topographic and geological maps, a GPS unit, altimeter, Munsell Soil Color Chart, digital camera, bags and ring samples, knives, and tools for analysis of the chemical properties. All soil samples (from 24 soil profiles into the park, and 43 soils samples of the inundated area of the wetland), were dried at room temperature (25 • C) to constant weight and carefully sieved through a 2-mm mesh. Soil analysis included soil texture (hydrometer method). The analysis for determining the total major chemical element contents were determined by X-ray fluorescence (XRF) spectrometry using a total reflection fluorescence XRF system. Spatial variability of the elements was produced by processing data using the IBM software SPSS v.21. The GIS software of choice for data integration was ArcGis v.10.2. The method chosen was processed by the algorithm IDW (inverse distance weighted) and calculations were initially performed with all points of the database.
Results

Soils Type
According to Jiménez-Ballesta [32] , soils in the flood zone are mainly Histosols [33, 35] and because they are often submerged (in flood channels, depressions, and ditches) for prolonged periods with a high density of vegetation, they have high organic carbon contents. There are also soils with redoximorphic features, Aquepts or Aquents by Soil Survey Staff [33] or Gleysols by FAO-UNESCO-ISSS [35] . A large group of Soil Taxonomy [33] has been found outside the flood zone in the National Park and these include Entisols such as Psamment (Xeropsamment) and Orthent (Xerorthent) and Inceptisols that include Xerepts (Calcixerepts and Haploxerept). According to the criteria of FAO-ISRIC-ISSS [35] the main groups of soil are Calcisols, Cambisols, Arenosols, Histosols, and Regosols. In some cases there may be Solonchaks but Calcisols are dominant. On considering a greater area of the park, it would be necessary to include the presence of Luvisols [35] .
Soil Properties
The differences found in terms of various parameters, such as organic matter content and electrical conductivity, are attributed to differences in the formation factors that are fundamentally related to the topography of the flood plain. These differences in turn cause hydrological differences [36] [37] [38] [39] . These authors showed that a long period of flooding with decelerated flow rates, including stagnant water, Environments 2019, 6, 75 6 of 14 results in sedimentation of mainly fine-grain sediments along with considerable amounts of organic matter. Thus, for example, the dominant textures are sandy, followed by sandy loams, clayey, loamy and loamy-clay (Figure 4 ).
In some cases there may be Solonchaks but Calcisols are dominant. On considering a greater area of the park, it would be necessary to include the presence of Luvisols [35] .
The differences found in terms of various parameters, such as organic matter content and electrical conductivity, are attributed to differences in the formation factors that are fundamentally related to the topography of the flood plain. These differences in turn cause hydrological differences [36] [37] [38] [39] . These authors showed that a long period of flooding with decelerated flow rates, including stagnant water, results in sedimentation of mainly fine-grain sediments along with considerable amounts of organic matter. Thus, for example, the dominant textures are sandy, followed by sandy Figure 5 . It can be observed that Ca and Mg show a relatively similar pattern, with concentrations detected towards the lower and higher exits close to the entrance of the Park. K shows a highly variable pattern from input to output, whereas Mn shows a relatively consistent trend-except close to the entrance area of the river Guadiana, where the highest values are found for this element.
g·kg and 19.28 g·kg (average 8.59 g·kg ). The K concentration is between 1.25 g·kg and 19.34 g·kg −1 (average 6.75 g·kg −1 ). The concentration of Mn is between 0.43 g·kg −1 and 7.64 g·kg −1 (average 1.55 g·kg −1 ). The spatial distributions of these elements are represented in Figure 5 . 
Discussion
Functions of TDNP
Based on the work carried out previously by us and taking into consideration the criteria of Prasad et al. [40] , the functions of the Tablas of Daimiel National Park can be summarized in the following way: water recharge, providing natural purification and storage of freshwater for humans and wildlife; the park has been-and remains-very important from the point of view of environmental science; protects the natural shoreline from wave action and erosion and aids natural flood reduction and control through water storage and retention; supports a habitat for a wide range of waterfowl, flora, furbearers, reptiles, and fish, preserving the biodiversity and vitality of the species; serves as an important source of oxygen, as well as providing a habitat for a wide range; and finally, has historically acted as a natural storage base for carbon, sequestered, and it restores and rebuilds degraded carbon pools. Although this wetland has currently less economic importance than 
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Based on the work carried out previously by us and taking into consideration the criteria of Prasad et al. [40] , the functions of the Tablas of Daimiel National Park can be summarized in the following way: water recharge, providing natural purification and storage of freshwater for humans and wildlife; the park has been-and remains-very important from the point of view of environmental science; protects the natural shoreline from wave action and erosion and aids natural flood reduction
and control through water storage and retention; supports a habitat for a wide range of waterfowl, flora, furbearers, reptiles, and fish, preserving the biodiversity and vitality of the species; serves as an important source of oxygen, as well as providing a habitat for a wide range; and finally, has historically acted as a natural storage base for carbon, sequestered, and it restores and rebuilds degraded carbon pools. Although this wetland has currently less economic importance than in the past, it also still has socioeconomic functions: it has been and is very attractive for tourism and recreational use; it can be used as a source of peat for horticultural and agricultural applications, although this use is not advised; and finally, the area is a rich and varied landscape that serves as a valued aesthetic resource.
Main Causes of the Degradation of the TDNP
Large areas that form part of wetlands have been destroyed all over the world, thus decreasing the ecosystem services they provide to society [41] . This process is becoming more intense due to land management [42] or the direct release of human waste [43] .
As with other wetlands, degradation of the TDNP has been relatively rapid, especially when compared to other types of ecosystems. Activities that result in the loss and degradation of wetlands include agriculture, commercial and residential development, road construction, resource extraction, industrial siting, processes, and waste. The primary pollutants that cause degradation of the TDNP are sediment, nutrients, pesticides, and some trace elements. Indeed, the expansion of traditional and modern agriculture, together with urbanization and industrialization, and a lack of institutional policies and agreements are probably the factors that trigger the degradation of the TDNP, with the elimination of waste probably being the main human cause of loss of quality.
The TDNP wetland was declared a National Park in 1973, a Biosphere Reserve in 1981, and it was included in the Ramsar Convention in 1982. The balance between humans and the wetland was broken decades ago. Actions to dry the Mancha Húmeda (Wet Spot) preceded the intensive exploitation of underground water resources. In this way, the Park has undergone a series of changes due to a combination of factors, which include agricultural irrigation, and these activities have led to the overexploitation of the aquifer that feeds the Park.
The degradation outlined above began in the 1970s. In 1966, Las Tablas de Daimiel was classified as a protected area through the declaration as a National Hunting Reserve (Law 37/1966 of 31 May) for an area of 2750 hectares. In the summer of 1971, the wetlands dried up for the first time due to the plans to increase the area devoted to agriculture and to diminish the effect of diseases linked to this type of land. The desiccation was caused by the excavation of the Guadiana channel, which was significantly lower than that of the river, through which the waters that entered Las Tablas from Los Ojos del Guadiana and the Azuer river flowed. The decision provoked considerable alarm in the Spanish conservation movement.
The intensive use of groundwater has favored two important geomorphological, environmental, and landscape changes. The first change was the general subsidence of the land as a result of the loss of groundwater due to the decrease in the piezometric level, which also favored self-combustion of the peat deposited in the subsoil. The second change was the occurrence of ground collapses, with an irregular spatial distribution conditioned by the geometry of the sedimentary bodies. When the weight of the suspended materials above the cavities exceeds their mechanical resistance, collapse occurs and this process manifests itself in the surface as a circular or semicircular hole. In the TDNP and its surroundings, a total of 34 collapses with different origins have been documented [34] .
The situation continued to deteriorate as a result of the 'sanitation' work and a year later, in the summer of 1972, several emergency measures had to be adopted in the face of the critical situation that the wetland was experiencing. On 30 July 1973, Decree 1874/1973, dated 28 June, was published and it designated a portion of these lands as Las Tablas de Daimiel National Park, with an area of 1874 hectares, which contained an integral waterbird reserve area. However, in the area of Los Ojos del Guadiana, the desiccation work continued. In 1980, this area was reclassified and the park then covered The drying works clearly left significant scars on the surface of the Park and its surroundings and modified the hydrology in a remarkable way, but the most important threat to the wetland, which has jeopardized its survival on several occasions, has been-and remains-the unsustainable use of underground water resources for agricultural purposes, which began in the mid-1970s. These resources are stored in the Aquifer System 23 [45] , which is currently divided into three bodies of The Tablas de Daimiel National Park was significantly altered by its natural conditions of superficial drainage. Additionally, there has been intensive use of groundwater for agricultural purposes that led to an average decrease in the piezometric level of about 30 m in the period 1980/96 [16] . This situation remained until January 2012. As a consequence of the humid climatological sequence 2009/13, some of Los Ojos del Guadiana reappeared and this produced surface runoff and led to a maximum contribution of groundwater to the river in the section between La Máquina mill and Nuevo mill, which is located immediately after the confluence with the Azuer river. It has been estimated at around 11 Mm 3 (11 × 10 6 m 3 ) in 2014. Upstream of this point, in the Guadiana River, surface runoff could not be measured and the contribution of underground water was limited to flooding of the land. The volume of discharge was 78% less than the flow drained permanently under natural conditions.
In 1983, the water stopped flowing in Los Ojos del Guadiana and this left the wetland without its main water supply. In an effort to alleviate this situation, various actions were carried out that The drying works clearly left significant scars on the surface of the Park and its surroundings and modified the hydrology in a remarkable way, but the most important threat to the wetland, which has jeopardized its survival on several occasions, has been-and remains-the unsustainable use of underground water resources for agricultural purposes, which began in the mid-1970s. These resources are stored in the Aquifer System 23 [45] , which is currently divided into three bodies of groundwater according to the Hydrological Plan of the Guadiana Hydrographic Demarcation 2009/15, RD 354/2013, of 17 May, and RD 1/2016, of 8 January, BOE of 19 January, which updates the Plan for the hydrological planning cycle 2015/21.
The Tablas de Daimiel National Park was significantly altered by its natural conditions of superficial drainage. Additionally, there has been intensive use of groundwater for agricultural purposes that led to an average decrease in the piezometric level of about 30 m in the period 1980/96 [16] . This situation remained until January 2012. As a consequence of the humid climatological sequence 2009/13, some of Los Ojos del Guadiana reappeared and this produced surface runoff and led to a maximum contribution of groundwater to the river in the section between La Máquina mill and Nuevo mill, which is located immediately after the confluence with the Azuer river. It has been estimated at around 11 Mm 3 (11 × 10 6 m 3 ) in 2014. Upstream of this point, in the Guadiana River, surface runoff could not be measured and the contribution of underground water was limited to flooding of the land. The volume of discharge was 78% less than the flow drained permanently under natural conditions.
In 1983, the water stopped flowing in Los Ojos del Guadiana and this left the wetland without its main water supply. In an effort to alleviate this situation, various actions were carried out that further transformed the wetland. In 1985, the Puente de Navarro dam was built, several water transfers from the Tajo river basin were approved between 1988 and 2009, with volumes between 6 and 20 Mm 3 per year, and another small dam was built in 1987 (the Morenillo) to facilitate the transfer of the flood water over a wider area.
The diversion of the water flows takes place from the Tajo-Segura Aqueduct to the Park, thus taking advantage of its passage over the Valdejudíos stream, a tributary of the Gigüela. Specific legislation was required and Law 13/1987, of 17 July, allowed the experimental derivation of up to 60 Mm 3 in three years without these water resources being used for purposes other than those of an environmental nature.
In the TDNP, there are severe water quality problems due to the diffuse contamination produced by agricultural practices and the occasional discharge of water with a high organic load into the Gigüela and Guadiana rivers. The causes of this problem are the insufficient or malfunctioning sewage treatment plants in nearby urban centers, the uncontrolled dumping of agro-food industries or intense rains.
The main concern since the declaration of the National Park has been the lack of water and the sporadic occurrence of polluting episodes, which have left their mark on the sediments [17] and have kept the flooded areas in a state of permanent alert.
After the 2009-2013 wet period, the TDNP reached the maximum flood surface area (2020 ha) with a volume of stored water of around 15 Mm 3 , which is a significantly lower value than for an unmodified regime. It appears that total recovery of the hydrogeological system is unlikely. The maximum flow occurred during a short period of time and this reduced steadily to zero in the months of low water from 2016 to 2018.
Despite the natural values achieved, the TDNP is under strong anthropic pressure and there is consequent degradation. There is a shared vision that the TDNP is going through a state of palpable degradation, as evidenced by the turbidity of the water, the decay or loss of traditional plant species, the presence of invasive species, the increase in potentially toxic elements, and the transformation from a natural discharge area of groundwater of a large regional aquifer to a recharge area by infiltrating the water stored in the wetland. These are direct consequences of the decrease in the piezometric level produced in recent decades.
As with many other wetlands in the world, the main threats to the TDNP are the overexploitation of its resources, the pollution caused by agricultural and industrial processes and the modification of the natural flow of groundwater. All of these are related to the increase in the use of water resources (both for supply and for agricultural and industrial uses), habitat degradation, including the appearance of invasive species, and climate change. Jiménez-Ballesta et al. [19] published data for several pollutants that penetrate the TDNP; in some cases, these emanate from point sources (nearby sewage treatment plants) whereas in other cases they are diffuse, i.e., agriculture, which favors the loading of contaminants from the addition of pesticides and/or fertilizers.
Periodic flooding, concurrent erosion, and sedimentation control the accumulation and dynamics of substances, including the content and chemistry of pollutants. The importance of the soil to control the pollutants and the quality of the water has been sowed [3] . In general, concentrations of pollutants often reveal some particular variability and the existence of relatively high levels of certain elements, as is the case of bromine [19] . Primarily the sources of some major and trace elements in soils are due to the nature of alluvial material, but in some cases they arise from industrial and agricultural activities [18, 19] . In any case, one must consider that the availability of trace elements in soils depends on a number of factors such as their solubility in water, their source and their nature.
Oxidation and reduction reactions are of prime importance, particularly in wetland ecosystems such as TDNP. Water saturation during extended periods usually results in changes in the chemical properties of sediments and soils, as well as in microbial populations and processes. Soils tend to undergo a series of sequential redox reactions when the redox status of the soil changes from aerobic to anaerobic conditions during flooding. Major reactions include denitrification, manganic manganese [Mn(IV)] reduction, ferric iron [Fe(III)] reduction, sulfate (SO 4 2− ) reduction, and methanogenesis. These processes are catalyzed by microorganisms [43] and have previously been studied in the TDNP [18] and other areas [46] [47] [48] [49] .
Management Approaches fir TDNP Wetland Conservation
In order to address the problems that threaten the TDNP, it is necessary to disseminate the scientific knowledge and the opinions of the experts to the inhabitants of the area. Only with knowledge of the dynamics of the system in its biophysical, socioeconomic, and institutional aspects, which would allow an evaluation of the viability, acceptance, and preference of the proposed solutions, will it be possible to save the TDNP.
Currently, the conservation strategy for this ecosystem is insufficient. We suggest the need to control and prohibit any dumping of any type of waste in the park or in its vicinity, since the review of some data reveals high levels of anthropogenic contamination. It would also be useful to promote a public awareness program.
Therefore, it would be necessary to reverse more than 40 years of environmental degradation by restoring the water balance, the native vegetation, and contributing to human habitability.
Some conservation generic measures should involve the following: ensure a sheet of water, with good chemical quality, that allows the development and maintenance of submerged and floating vegetation, thus maintaining the halophilic habitats linked to the wetland. Control of allochthonous species that may be interfering with the natural dynamics of populations. Additionally, physical-chemical controls of the waters and soils of the wetland with respect to parameters related to soil/water quality should be carried out.
Land degradation neutrality as is focused on in the UN Sustainable Development Goals (SDGs) is a technical term referring to intentional actions to avoid, reduce, and reserve degradation of the land [50] . In this sense, communication, education, participation, and citizen awareness are all necessary and these could be achieved by the development of informative material that highlights the high value of the natural space.
Climate change predictions show that the arid or semi-arid regions of Africa in the latitudes around the Tropics of Capricorn and Cancer will become drier [51] . This situation is similar to that in the La Mancha natural region, so the future of these wetlands is allied to human well-being. In this way, Governance systems play a key role in the sustainable management of resources. This is not unique; is part of a worldwide process of land degradation [52] .
Conclusions
If conservation measures for the TDNP are not taken, its degradation and destruction will continue. In this way, we suggest the control and prohibition of any type of waste disposal in the park or in its vicinity. It would also be useful to carry out a public awareness program. The scientific understanding of the benefits that this wetland provides to society has already been transferred not only to the public in general, but also to decision makers. It is necessary to understand the dynamics of power between rural and urban perspectives and the concerns of public and private property rights to frame appropriately the conservation around this wetland in the public space. 
